We present a theoretical investigation of Goos-Hänchen effect, i.e. the lateral shift of the light beam transmitted through one-dimensional bi-periodic multilayered photonic systems consisting of equidistant magnetic layers separated by finite size dielectric photonic crystals. We show that the increase of the number of periods in the photonicmagnonic structure leads to increase of the Goos-Hänchen shift in the vicinity of the frequencies of defect modes located inside the photonic band gaps. Presence of the linear magneto-electric coupling in the magnetic layers can result in a vanishing of the positive maxima of the cross-polarized contribution to the Goos-Hänchen shift. PACS number(s): 42.25. Gy, 42.25.Bs, 42.70.Qs 
vacuum (with (xz) being the incidence plane) and at transmission trough the structure undergoes a lateral shift ΔL. A specific class of magnetic materials possesses spontaneous magneto-electric properties [49] .
The magneto-electric effect consisting in a magnetization induction by an electric field and a dielectric polarization induction by a magnetic field was observed in many systems, including magnetic garnets [50, 51] . This effect increases the cross-polarized contribution to the light reflected from a magneto-electric film [52] [53] [54] and thus can enhance the corresponding GHS up to several times [15] . We use the (4×4) transfer matrix method [57, 58] 
FIG. 1. Schematic of the photonic-magnonic structures consisting of magnetic layers M (thickness d M ) and dielectric layers A and B (thicknesses d A and d B ): (a) M(ABA)M; (b) [M (AB)
The different components of the transmission matrix T ij , and thus the values of the GHS ΔX ij obtained for any combination of incident and transmitted states of polarization can be separately evaluated and measured in the experiment. Practically, this simply requires the use of a polarizer and an analyzer placed on the path of the incoming and transmitted beams, respectively.
It should be noted that usually only the first term in Eq. (4) is taken into account for calculation of the GHS. However, this approximation is strictly valid for a slowly varying complex transmission coefficient (and resulting phase), wherein, a Taylor series expansion of the transmission coefficient is done and only the first order term (in the k-vector spread) is retained. There has been several reports on more accurate calculations keeping higher order terms (see for example, Ref. [60] ) and specifically it has been shown that the magnitude of the shifts deviate significantly where there is an abrupt gradient (such as for angle of incidence close to the Brewster angle). The similar abrupt changes in the transmission coefficients take place in the vicinity of the PBG edges and inside-bandgap modes of the PMCs. Thus, for an improved accuracy of the method, we developed the stationary phase approach by taking into account the secondorder term in the Taylor expansion of the phase of the complex transmission coefficient of the PMC.
However, for spatially wide beam ( 
III. NUMERICAL CALCULATIONS OF THE GOOS-HÄNCHEN SHIFT
For the numerical calculations, we consider the magnetic layers to be of yttrium-iron garnet (YIG) 
A. Transmittivity and Goos-Hänchen shift spectra
The transmission spectra |T pp |, |T ss |, and |T ps | = |T sp | and the corresponding GHSs ΔX pp , ΔX ss , and ΔX ps = ΔX sp are presented in left and right panels of Figs. 2, 3, and 4, respectively, for different photonic structures (see Fig.1 ). Here we neglect the magneto-electric coupling in YIG layers, so that α = 0. Fig. 4(a) ). The corresponding GHSs are negative. The diagonal shift ΔX pp is about several wavelengths for the incidence angles θ < 60°, and its values slowly vary according to minima and maxima of T pp , though this variation is about a few λ (see Fig. 2(a) ). At θ > 60°, ΔX pp increases in absolute value up to four tens of λ. For the fixed θ, the values of ΔX pp increase with the increase of the frequency ω. The GHSs ΔX ss and ΔX ps demonstrate the similar tendencies to that for ΔX pp at θ < 60°, but at θ > 60° have more pronounced difference in minima and maxima because the variation of T ss and T ps (as well as their phases) responsible for the GHS (Eq. (1)) is higher.
Further addition of (AB) bilayers between the magnetic layers M leads to appearance of the PBG in the distributed defect modes appears in the PBGs spectra. These modes shift towards higher ω with the increase of θ for all polarization states. In the case of T pp , the defect modes merge at θ ≈ 60°, and the PBG shrinks ( Fig. 2(b) ). On the contrary, the widths of the PBGs in spectra of T ss and T ps increase with θ, as 
B. Magneto-electric effect influence on the Goos-Hänchen shift in the vicinity of the inside-bandgap mode
As was shown in [45] [46] [47] , the inside-bandgap modes in the transmittivity spectra of a bi-periodic PMC possess a fine structure, and the number of the sub-peaks is related to the number of the magnetic supercells. In Fig. 6 we show the influence of the magneto-electric interaction on properties of the light transmitted through the PMC of the structure [M (AB) 4 A] 5 M, focusing on the details of a single insidebandgap mode for θ = 30°. The solid lines correspond to the previously studied case when no magnetoelectric interaction is present in the magnetic layers (α = 0), and the dotted lines refer to the case when the magneto-electric coupling is taken into account with α = 30 ps×m -1 . The sub-peaks number is the same in each mode in T pp and T ss spectra (blue and green lines in Fig. 6(a) ), but it differs from that in T ps spectrum (Fig. 6(b) ). The frequency positions of the sub-peaks of T pp and T ss are different but overlap with those of T ps (Figs. 6(a) and 6(b) ). The inside-bandgap modes widths in T pp and T ps spectra (Δω pp, ps ≈ 17 rad×THz)
are larger than that in T ss spectrum (Δω ss ≈ 10 rad×THz). However, not every gap in T ps is accompanied by ΔX ps > 0 . For instance, in the middle of the insidebandgap mode (at ω ≈ 1.072 rad×PHz), a smooth change of T ps does not result in large variations of its phase and does not produce a GHS peak.
As one can see from comparison of the solid and dotted lines in the insets in Figs. 6(a) and 6(c), the linear magneto-electric interaction leads to a slight shift of T pp and T ss and the corresponding GHSs ΔX pp and ΔX ss towards higher frequencies. However, this shift is only of about 0.02 rad×THz. On the contrary, magneto-electric interaction results in the increase of T ps at low-and high-frequency sub-peaks of the inside-bandgap mode and in a slight modification of the other sub-peaks ( Fig. 6(b) ). This, in turn, through modification of T ps leads to disappearing the positive maxima of ΔX ps , so the GHS becomes negative in all frequency range (dotted line in Fig. 6(d) ).
IV. CONCLUSION
In conclusion, we analyzed theoretically the Goos-Hänchen effect of the near-infrared electromagnetic beams in bi-periodic photonic-magnonic crystals and showed a modification of the lateral shift of the transmitted Gaussian wavepacket for all polarization states of the incident and transmitted beams. We showed the increase of the Goos-Hänchen shift at the frequencies of the inside-photonic-band-gap modes and enhancement of the shift peaks due to the linear magneto-electric effect in the magnetic layers for the case of p-(s-) polarized transmitted beam produced by s-(p-) polarized incident beam. As shown in recent paper [64] , modern experimental set-up allows provide a measurements with high accuracy for different polarization combinations even for relatively weak signal. We hope that the results of our analysis of Goos-Hänchen effect in bi-periodic photonic-magnonic crystals will be useful for the future investigation of complex multiperiodic photonic structures. 
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